The polycrystalline Bi 8 Fe 6 Ti 3 O 27 compound was prepared by a high-temperature solid-state reaction technique. Preliminary structural analysis by X-ray diffraction (XRD) confirms the formation of a single-phase compound in an orthorhombic crystal system at room temperature. The elemental content of the compound was analyzed by EDAX microanalysis. Microstructural analysis by scanning electron microscopy (SEM) shows that the compound has well defined grains, which are distributed uniformly throughout the surface of the pellet sample. Detailed studies of temperature-dependent dielectric response at various frequencies show dielectric anomalies at 380, 389 and 403 • C for 10 kHz, 100 kHz, and 1 MHz respectively. The hysteresis loop observed by applying an electric field of 12 kV/cm on the poled sample with smaller remanent polarization supports the existence of ferroelectricity in this material. The value of d 33 of the compound was found to be 19 pC/N.
Introduction
Bismuth layer structured ferroelectric (BLSF) materials have attracted greater attention in recent years in view of the importance of these materials for various applications. The layered bismuth compounds, first reported by Aurivillius [1] , are known to possess a structure expressed by a general formula (Bi 2 O 2 ) 2+ (A −1 B O 3 +1 ) 2− , where A = mono-, di-or trivalent ions allowing to have dodecahedral coordination, B = tetra-, penta-, or hexavalent ions suited to octahedral coordination and is an integer representing number of BO 6 octahedra in (A −1 B O 3 11 ) 2− between the (Bi 2 O 2 ) 2+ layers. BLSF ceramics, in gen- * E-mail: crnpfl@phy.iitkgp.ernet.in eral, have high Curie temperatures, coercivities and dielectric strengths apart from low dielectric dissipation factors, good mechanical and thermal stability [2, 3] . Most of the iron containing bismuth layer structured compounds of the Aurivillius family show simultaneously the ferroelectric and antiferromagnetic properties, and hence exhibit magnetoelectric (ME) effect under the influence of an external magnetic/electric field [4] . Therefore, these solids are promising candidates for a new generation of electronic devices; combined information storage/logic operations, multiple-state memory devices, electric-fieldcontrolled ferromagnetic resonance devices, and transducers with magnetically modulated piezoelectricity [5] . These layered bismuth compounds also find excellent applications in ferroelectric random access memories (FeRAMs) with high fatigue endurance [6] and in high temperature piezoelectric sensors [7] . Ltd, India). These oxides were thoroughly mixed in dry air in agate mortar for 2 h followed by the wet mixing in methanol for the same time. The mixture was calcined at 950
• C for 10 h. The process of grinding and calcination was repeated until the formation of a single-phase compound (as verified by XRD). The calcined powder was mixed with a small amount of polyvinyl alcohol (PVA), and pressed into cylindrical pellets of diameter 10 mm and thickness 3 mm, under an isostatic pressure of 6 X10 6 N/m 2 . The pellets were then sintered with optimized temperature (975
• C) and time (6 h) in air atmosphere. The sintered pellets were polished with zero grain emery paper, and coated with high purity silver paste and then dried for 2 h at 150
• C prior to electrical measurements. Thermogravimetric (TG) analysis was carried out using Perkin-Elmer Thermal Analyzer (model: Pyris Diamond). Preliminary structural study was carried out using X-ray diffraction (XRD) data, collected from Philips X-ray (PW 1710) powder diffractometer in a wide range of the Bragg angles 2θ (10 0 ≤ 2θ ≤ 80 0 ) with CuK α1 (λ = 1.5418 Å) radiation. The surface morphology of gold sputtered pellet sample was recorded using scanning electron microscope JEOL (model: JSM-5800F). The same instrument was used for energy dispersive X-ray (EDAX) microanalysis of the sintered pellet. The temperature-dependent dielectric data was collected using a computer-controlled LCR meter (Hioki Hitester model: 3532). The hysteresis loop of the poled sample (poled at 12 kV/cm for 72 h) obtained at room temperature using a Precision Material Analyzer (M/s Radiant Technologies Inc, USA) integrated with a 4 kV high voltage amplifier. Because of the high leakage current (due to Fe content) of the sample, it was really difficult to pole this sample (at high electric field and elevated temperature) to get saturation. The piezoelectric coefficient (d 33 ) of the poled sample also measured using a Piezometer (Quad Range Piezometer -PM200). Fig. 1 shows the X-ray diffraction (XRD) pattern of the calcined powder of Bi 8 Fe 6 Ti 3 O 27 . The sharp and single reflection peaks of the XRD pattern, similar to the isostructural compounds [8, 9] , were found different from those of ingredient precursors, and confirmed the formation of a new compound. All the peaks of XRD pattern are indexed and lattice parameters of this material (in different cell configuration) are obtained using a standard computer program "POWDMULT" [10] . The thermogravimetric (TG) analysis of the physical mixture of the precursors is shown in Fig. 1 (inset) . An initial mass loss below 100
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• C followed by another loss up to 450
• C and finally up to 950
• C is evident from the graph. The initial mass loss may be due to the evaporation of surface absorbed moisture, and subsequent progressive mass loss may be due to the intermediate reactions and loss of bismuth at high temperature. The total mass loss up to 950
• C has been estimated to be ∼ 1.21%. No mass loss beyond 950
• C suggested that this temperature is an appropriate calcination temperature at which other materials of this family [5] have also been prepared. Fig. 2 shows the energy dispersion spectrum with respect to the elemental content of the compound by EDAX analysis. The exact proportion of different elemental composition of the synthesized material was confirmed by EDAX studies. The surface morphology and microstructure of the pellet sample was investigated using scanning electron microscopy. The pellet sample was gold coated by sputtering technique. The SEM micrograph of the compound at 2.5 K magnifications is shown in Fig. 2 (inset) . Similar micrographs have been observed in other members of this family [8, 11] . It shows the uniform distribution of plate shaped grains throughout the surface of the polycrystalline sample. Fig. 3 shows the variation of relative dielectric constant (ε ) and loss tangent (tanδ) with temperature at different frequencies. The value of ε increases gradually on increasing temperature to its peak value (ε ), and then decreases. The temperature corresponding to ε indicated the transition temperature (T ). On further increase of temperature, the relative dielectric constant increases faster. In the high-temperature region, higher value of ε may be due to space charge polarization, which comes from the mobility of ions and imperfections in the material. These combined effects produce a sharp increase in the relative dielectric constant at higher temperature. The frequency-dependent dielectric anomalies at 380
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• C, 389
• C and 403
• C for 10 kHz, 100 kHz and 1 MHz respectively, suggest the possibility of disordered type of ferroelectric-paraelectric phase transition. Some of the dielectric data of the compound are comparable to that of the other structures of this family [8, 12] . The value of the maximum dielectric constant (i.e., ε ) at the transition temperature was found to be 449, 289 and 221 at 10, 100 kHz and 1 MHz respectively. The variation of tanδ follows the same pattern as that of ε The increase in tanδ may be due to (i) enhancement in conductivity and (ii) reduction in the ferroelectric domain wall contributions [13] . The values of tanδ at T (i.e., tanδ ) are 6.0, 1.27 and 0.29 at 10 kHz, 100 kHz and 1 MHz respectively. The frequency dependence of loss tangent exhibits interesting results. At low frequency (i.e., 10 kHz) the loss tangent reaches the instrumental saturation value but at higher frequency (i.e. 1 MHz) the value of tanδ drops down from this saturation drastically. It shows the possibility of using the material for high frequency applications with low dissipation factor. The dielectric anomaly was assumed to be related to a ferroelectric -paraelectric phase transition confirmed by the appearance of hysteresis loop. This may also be explained on the basis of the electron-phonon anharmonicity in the observed temperature anomalies [14] . Fig. 4 shows the hysteresis loop (variation of polarization as a function of electric field) of poled sample at room temperature. The maximum and remanent polarizations are found to be 0.24 and 0.039 µC/cm 2 respectively. At room temperature, the piezoelectric coefficient (d 33 ) of the compound was found to be 19 pC/N at a frequency of 110 Hz with a dynamic force of 0.05 N.
